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PATTERN WIDTH MEASURING APPARATUS , PATTERN WIDTH MEASURING 
METHOD, AND ELECTRON BEAM EXPOSURE APPARATUS 

[0001] This patent application claims priority on a Japanese 

patent application, 2002-293717 filed on October 7, 2002, the 
contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a pattern width 

measuring apparatus, a pattern width measuring method, and an 
electron beam exposure apparatus . More particularly, the present 
invention relates to a pattern width measuring apparatus , a pattern 
width measuring method, and an electron beam exposure apparatus 
for measuring pattern width of a pattern formed on the wafer by 
an electron beam. 

Description of the Related Art 

[0003] With the miniaturization of semiconductor devices in 

recent years, it has been very important to measure pattern width 
when manufacturing the semiconductor devices. Therefore, there 
is proposed a method for measuring pattern width by scanning the 
pattern with an electron beam using SEM (Scanning Electron 
Microscope) , and detecting edges of the pattern from change of 
the quantity of secondary electrons generated by the electron beam 
irradiation, (cf . Y. Furuya et al, "Model S-6000 Field Emission 
CD Measurement SEM", abstract of the 93rd workshop of the 132nd 
Committee (Electron and Ion Beam Science and Technology) of Japan 
Society for the Promotion of Science, November 8, 1985, pp. 1-5; 
M= Miyoshi et al, ^^topographic contrast in scanning electron 
microscope during CD measurement", abstract of the 93rd workshop 
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of the 132nd Committee (Electron and Ion Beam Science and 
Technology) of Japan Society for the Promotion of Science, November 
8, 1985, pp. 109-114) 

[0004] However, it has been very difficult to precisely detect 

edges of patterns of the highly miniaturized semiconductor device 
of these days by the conventional measuring method of the pattern 
width . 

SUMMARY OF THE INVENTION 

[0005] Therefore, it is an object of the present invention 

to provide a pattern width measuring apparatus, a pattern width 
measuring method, and an electron beam exposure apparatus which 
can solve the foregoing problem. The above and other objects can 
be achieved by combinations described in the independent claims. 
The dependent claims define further advantageous and exemplary 
combinations of the present invention. 

[0006] According to the first aspect of the present invention, 

there is provided a pattern width measuring apparatus for measuring 
pattern width of a pattern formed on a wafer using an electron 
beam. The pattern width measuring apparatus includes : an electron 
beam generating section for generating the electron beam; a 
deflector for scanning the pattern with the electron beam by 
deflecting the electron beam; a first secondary electron detector 
and a second secondary electron detector for detecting secondary 
electrons generated when the electron beam is irradiated on the 
wafer or the pattern; a first edge detector for detecting position 
of a first edge of the pattern based on the quantity of the secondary 
electrons detected by the first secondary electron detector out 
of the first secondary electron detector and the second secondary 
electron detector; a second edge detector for detecting position 
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of a second edge of the pattern based on the quantity of the secondary 
electrons detected by the second secondary electron detector out 
of the first secondary electron detector and the second secondary 
electron detector; and a pattern width computing section for 
computing pattern width of the pattern based on the position of 
the first edge and the position of the second edge detected by 
the first edge detector and the second edge detector. 
[0007] The first edge detector may detect the position of 

the first edge which is located farther than the second edge from 
the first edge detector^ and the second edge detector may detect 
the position of the second edge which is located farther than the 
first edge from the second edge detector. 

[0008] The first edge detector may detect irradiation 

position of the electron beam at which the quantity of the secondary 
electrons detected by the first secondary electron detector has 
a local minimum as the position of the first edge, and the second 
edge detector may detect irradiation position of the electron beam 
at which the quantity of the secondary electrons detected by the 
second secondary electron detector has a local minimum as the 
position of the second edge. 

[0009] The first edge detector may detect the irradiation 

position of the electron beam at which the quantity of the secondary 
electrons detected by the first secondary electron detector has 
a local minimum as a bottom edge, which is a bottom end of the 
first edge, the second edge detector may detect the irradiation 
position of the electron beam at which the quantity of the secondary 
electrons detected by the second secondary electron detector has 
a local maximum as a top edge, which is a top end of the first 
edge, and the pattern width computing section may further compute 
horizontal dimension of the first edge further based on the position 
of the bottom edge and the position of the top edge detected by 
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the first edge detector and the second edge detector, respectively- 
[0010] The pattern width measuring apparatus may further 

include a third edge detector for detecting the position of the 
first edge and the second edge based on sum of the quantity of 
the secondary electrons detected by the first secondary electron 
detector and the quantity of the secondary electrons detected by 
the second secondary electron detector, and the pattern width 
computing section may compute the pattern width of the pattern 
by selecting either the position of the first edge and the position 
of the second edge detected by the first edge detector and the 
second edge detector respectively, or the position of the first 
edge and the position of the second edge detected by the third 
edge detector, based on the shape of the pattern, 
[0011] The pattern width measuring apparatus may further 

include a third edge detector for detecting the irradiation 
position of the electron beam at which derivative of the sum of 
the quantity of the secondary electrons detected by the first 
secondary electron detector and the quantity of the secondary 
electrons detected by the second secondary electron detector has 
a local maximum as a top edge, which is a top end of the first 
edge, and the first edge detector may detect the irradiation 
position of the electron beam at which the quantity of the secondary 
electrons detected by the first secondary electron detector has 
a local minimum as a bottom edge, which is a bottom end of the 
first edge, and the pattern width computing section may further 
compute horizontal dimension of the first edge based on the position 
of the bottom edge detected by the first edge detector and the 
position of the top edge detected by the third edge detector. 
[0012] The pattern width measuring apparatus may further 

include a third secondary electron detector for detecting secondary 
electrons generated when the electron beam is irradiated on the 
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wafer or the pattern, and the first edge detector may select either 
the first secondary electron detector or the third secondary 
electron detector based on direction of the first edge, and detects 
the position of the first edge of the pattern based on the quantity 
of the secondary electrons detected by the selected first secondary 
electron detector or the selected third secondary electron 
detector. 

[0013] The pattern width measuring apparatus may further 

include a third secondary electron detector and a fourth secondary 
electron detector for detecting the secondary electrons generated 
when the electron beam is irradiated on the wafer or the pattern. 
The first secondary electron detector and the second secondary 
electron detector may be oppositely disposed across an optical 
axis of the electron beam, the third secondary electron detector 
and the fourth secondary electron detector may be oppositely 
disposed across the optical axis of the electron beam along a 
direction substantially perpendicular to the direction along which 
the first secondary electron detector and the second secondary 
electron detector are disposed, and the first edge detector may 
detect the position of the first edge of the pattern based on the 
quantity of the secondary electrons detected by the third secondary 
electron detector instead of the first secondary electron detector 
and the second edge detector detects the position of the second 
edge of the pattern based on the quantity of the secondary electrons 
detected by the fourth secondary electron detector instead of the 
second secondary electron detector when an angle formed between 
a direction from the first edge to the second edge and a direction 
from the first secondary electron detector to the second secondary 
electron detector is larger than an angle formed between the 
direction from the first edge to the second edge and a direction 
from the third secondary electron detector to the fourth secondary 
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electron detector. 

[0014] The pattern width measuring apparatus may further 

include an objective lens for focusing the electron beam deflected 
by the deflector onto the wafer or the pattern, and the first 
secondary electron detector and the second secondary electron 
detector may be provided above the ob j ective. lens , and detect the 
secondary electrons generated when the electron beam is irradiated 
on the wafer or the pattern through the objective lens. The 
objective lens may be an electrostatic lens. The first secondary 
electron detector and the second secondary electron detector may 
be oppositely disposed across an optical axis of the electron beam. 
[0015] According to the second aspect of the present invention, 

there is provided a pattern width measuring method for measuring 
pattern width of a pattern formed on a wafer using an electron 
beam. The pattern width measuring method includes steps of: 
generating the electron beam; scanning the pattern with the 
electron beamby deflecting the electron beam; detecting secondary 
electrons by the first secondary electron detector and the second 
secondary electron detector, the secondary electrons being 
generated when the electron beam is irradiated on the wafer or 
the pattern; detecting position of a first edge of the pattern 
based on the quantity of the secondary electrons detected by the 
first secondary electron detector out of the first secondary 
electron detector and the second secondary electron detector; 
detecting position of a second edge of the pattern based on the 
quantity of the secondary electrons detected by the second 
secondary electron detector out of the first secondary electron 
detector and the second secondary electron detector; and computing 
pattern width of the pattern based on the position of the first 
edge and the position of the second edge detected by the first 
edge detecting step and the second edge detecting step. 
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[0016] According to the third aspect of the present invention, 

there is provided an electron beam exposure apparatus for measuring 
pattern width of a pattern formed on a wafer using an electron 
beam. The electron beam exposure apparatus includes : an electron 
beam generating section for generating the electron beam; a 
deflector for scanning the pattern with the electron beam by 
deflecting the electron beam; a first secondary electron detector 
and a second secondary electron detector for detecting secondary 
electrons generated when the electron beam is irradiated on the 
wafer or the pattern; a first edge detector for detecting position 
of a first edge of the pattern based on the quantity of the secondary 
electrons detected by the first secondary electron detector out 
of the first secondary electron detector and the second secondary 
electron detector; a second edge detector for detecting position 
of a second edge of the pattern based on the quantity of the secondary 
electrons detected by the second secondary electron detector out 
of the first secondary electron detector and the second secondary 
electron detector; and a pattern width computing section for 
computing pattern width of the pattern based on the position of 
the first edge and the position of the second edge detected by 
the first edge detector and the second edge detector. 

[0017] The summary of the invention does not necessarily 

describe all necessary features of the present invention. The 
present invention may also be a sub-combination of the features 
described above. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0018] Fig. 1 is a schematic view exemplary showing a 

configuration of an electron beam exposure apparatus. 

[0019] Fig. 2 is a schematic drawing exemplary showing a 
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configuration of pattern width measuring means. 

[0020] Fig. 3A is a cross sectional view of a pattern formed 

on a wafer. 

[0021] Fig 3B is a graphic chart showing the quantity of 

secondary electrons detected by a secondary electron detector. 
[0022] Fig 3C is a graphic chart showing the quantity of 

secondary electrons detected by another secondary electron 
detector . 

[0023] Fig 3D is a graphic chart showing the quantity of 

secondary electrons detected by the two secondary electron 
detectors . 

[0024] Fig. 4A is a cross sectional view of another pattern 

formed on the wafer. 

[0025] Fig 4B is a graphic chart showing the quantity of 

secondary electrons detected by the secondary electron detector. 

[0026] Fig 4C is a graphic chart showing the quantity of 

secondary electrons detected by the other secondary electron 
detector . 

[0027] Fig 4D is a graphic chart showing the quantity of 

secondary electrons detected by the two secondary electron 
detectors . 

[0028] Fig. 5 is a block diagram showing another examples 

of a configuration of the pattern width measuring means. 
[0029] Fig. 6 is a flow chart exemplary showing a flow of 

a pattern width measuring method. 

DETAILED DESCRIPTION OF THE INVENTION 

[0030] The invention will now be described based on the 

preferred embodiments, which do not intend to limit the scope of 
the present invention, but exemplify the invention. All of the 
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features and the combinations thereof described in the embodiment 
are not necessarily essential to the invention. 
[0031] Fig. 1 is a block diagram of an electron beam exposure 

apparatus 100 according to a first embodiment of the present 
invention. The electron beam exposure apparatus 100 includes an 
exposure section 150 for performing predetermined exposure 
processing on a wafer 64 by an electron beam, and a control system 
140 for controlling operation of each configuration of the exposure 
section 150. 

[0032] The exposure section 150 includes an electron optics 

system, which includes: an electron beam discharge system 110 for 
discharging a predetermined electron beam into a chamber 10; a 
mask projection system 112 for deflecting the electron beam 
discharged from the electron beam discharge system 110, and for 
adjusting an image focus location of the electron beam around a 
mask 30; a focal point adjustment lens system 114 for adjusting 
the image focus location of the electron beam around the wafer 
64; and a wafer projection system 116 for deflecting the electron 
beam, which has passed through the mask 30, to a predetermined 
area of the wafer 64 mounted on a wafer stage 62, and for adjusting 
a direction and a size of an image of a pattern which is to be 
exposed on the wafer 64 . 

[0033] Moreover, the exposure section 150 includes a stage 

system which includes: a mask stage 72 on which the mask 30 is 
mounted, where the mask 30 includes a plurality of blocks which 
are shaped into shapes which are to be exposed on the wafer 64; 
a mask stage drive section 68 for driving the mask stage 72; a 
wafer stage 62 on which the wafer 64 is mounted, where the patterns 
are to be exposed on the wafer; and a wafer stage drive section 
70 for driving the wafer stage 62. Furthermore, the exposure 
section 150 includes a plurality of secondary electron detectors 
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60 for detecting secondary electrons and backscattered electrons 
scattered from the direction of the wafer 64 for adjustment of 
the electron optics system, converting the quantity of the 
electrons into a corresponding electrical signal, and outputting 
the converted electrical signal. 

[0034] The electron beam discharge system 110 includes: an 

electron gun 12, which is an example of an electron beam generating 
section for generating an electron beam; a first electron lens 
14 for determining a focal point position of the electron beam; 
and a first slit section 16 with an opening (slit) having a rectangle 
shape through which the electron beam passes. An alternate long 
and short dash line A in .Fig. 1 indicates an optical axis of the 
electron beam discharged from the electron beam discharge system 
110, in a case where the electron beam is not deflected by the 
electron optics system. 

[0035] The mask projection system 112 includes: a first 

deflector 22 and a second deflector 26 as a deflecting system for 
the mask for deflecting the electron beam; and a second electron 
lens 20 as a focus system for the mask for adjusting a focal point 
of the electron beam. The first deflector 22 and the second 
deflector 26 deflect the electron beam to a predetermined area 
on the mask 30. For example, the predetermined area is a block 
having a pattern which is to be exposed on the wafer 64 . By allowing 
the electron beam to pass through the pattern, a cross-sectional 
shape of the electron beam becomes the shape of the pattern formed 
in the block. The second electron lens 20 includes a function 
for focusing the image of the opening of the first slit section 
16 onto the mask 30 mounted on the mask stage 72. 
[0036] The focal point adjustment lens system 114 includes 

a third electron lens 28 and a fourth electron lens 32. The wafer 
projection system lib includes a fifth electron lens 40, a sixth 
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electron lens 46, a seventh electron lens 50, an objective lens 
52, a third deflector 34, a fourth deflector 38, a main deflector 
56, a sub deflector 58 , a blanking electrode 36, and a round aperture 
section 48. 

[0037] The third electron lens 28 and the fourth electron 

lens 32 focus the electron beam onto the wafer 64. The fifth 
electron lens 40 adjusts rotation of the electron beam so that 
the electron beam is applied on the wafer 64 in a desired direction . 
The sixth electron lens 46 and the seventh electron lens 50 adjust 
the reduction ratio of the pattern image applied on the wafer 64 
to the pattern formed on the mask 30. The third deflector 34 
deflects the electron beam toward the direction of the optical 
axis A at a downstream of the mask 30 in the irradiation direction 
of the electronbeam. The fourth deflector 38 deflects the electron 
beam to a direction substantially parallel with the optical axis 
A. The main deflector 56 and the sub deflector 58 deflect the 
electron beam so that the electron beam is applied on the 
predetermined area of the wafer 64. In the present embodiment, 
the main deflector 56 is used for deflecting the electron beam 
between a plurality of subf ields, each of which includes a plurality 
of areas which can be irradiated by single shot of the electron 
beam (to be referred to as shot area hereinafter) , and the sub 
deflector 58 is used for the deflection between the shot areas 
in the subfield. 

[0038] The round aperture section 48 includes a circular 

opening (round aperture) . The round aperture section 48 allows 
the electron beam irradiated in the round aperture to pass through 
it, and blocks the electron beam irradiated outside the round 
aperture. The blanking electrode 36 deflects the electron beam 
so that the electron beam may be irradiated outside the round 
aperture. Therefore, the blanking electrode 36 prevents the 
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electron beam passing through the round aperture section 48 by 
deflecting the electron beam. 

[0039] The control system 140 includes an integrated control 

section 130 and an individual control section 120 • The individual 
control section 120 includes a deflecting control section 82, a 
mask stage control section 84 , a blanking-electrode control section 
86, an electron lens control section 88, a secondary electron 
processing section 90, and a wafer stage control section 92. For 
example, the integrated control section 130 is a work station and 
collectively controls each control section of the individual 
control section 120. The deflecting control section 82 supplies 
the deflection data indicating the amount of deflection to the 
first deflector 22, the second deflector 26, the third deflector 
34, the fourth deflector 38, the main deflector -56, and the sub 
deflector 58, and controls the amount of the deflection correction 
of the first deflector 22, the second deflector 26, the third 
deflector 34, the fourth deflector 38, the main deflector 56, and 
the sub deflector 58. The mask stage control section 84 controls 
the mask stage drive section 68, and causes the mask stage 72 to 
move . 

[004 0] When the pattern exposed on the wafer 64 is to be changed, 

or when areas on the wafer 64 for exposing the pattern are to be 
changed, the blanking-electrode control section 86 controls the 
blanking electrode 36 to deflect the electron beam so that the 
electron beam may not pass through the round aperture section 48. 
This prevents the electron beam being irradiated on the wafer 64 , 
The electron lens control section 88 controls the current or voltage 
supplied to the first electron lens 14, the second electron lens 
20, the third electron lens 28, the fourth electron lens 32, the 
fifth electron lens 40,- the sixth electron lens 46, the seventh 
electron lens 50, and the obj ective lens 52 . The secondary electron 
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processing section 90 outputs data in which the quantity of the 
secondary electrons and the backscattered electrons detected by 
the secondary electron detectors 60 is indicated. The wafer stage 
control section 92 controls the wafer stage drive section 70, and 
causes the wafer stage 62 to move to a predetermined position. 
[0041] In addition, the electron beam exposure apparatus 100- 

is an example of the pattern width measuring apparatus of the present 
invention for measuring pattern width of the pattern formed on 
the wafer 64 using the electron beam. The main deflector 56 or 
the sub deflector 58 scans the pattern formed on the wafer 64 with 
the electron beam. Then, the secondary electron detector 60 
detects the secondary electrons generated when the electron beam 
is irradiated on the wafer 64 or on the pattern . Then, the secondary 
electron processing section 90 outputs the data in which the 
quantity of the secondary electrons and the backscattered electrons 
detected by the secondary electron detector 60 is indicated, and 
supplies it to the integrated control section 130. Based on the 
data supplied from the secondary electron processing section 90, 
the integrated control section 130 detects the position of the 
edge of the pattern, and computes pattern width, i.e., line width 
of the pattern, and the width between patterns. 
[0042] Alternatively, the electron beam exposure apparatus 

100 is a variable rectangle exposure apparatus for exposing a 
pattern on the wafer 64 by a variable rectangle beam, or it is 
a multi-beam exposure apparatus for exposing a pattern on the wafer 
64 by a plurality of electron beams. 

[0043] Fig. 2 is a schematic drawing exemplary showing a 

configuration of pattern width measuring means of the electron 
beam exposure apparatus 100. The pattern width measuring means 
includes: the electron gun 12 for generating the electron beam; 
the main deflector 56 and the sub deflector 58 for deflecting the 



electron beam to scan a pattern 200 with the electron beam; the 
secondary electron detector 60a and the secondary electron detector 
60b for detecting the secondary electrons generated when the 
electron beam is irradiated on the wafer 64 or the pattern 200; 
the objective lens 52 for focusing and irradiating the electron 
beam onto the wafer 64 or the pattern 200, where the electron beam 
is deflected by the main deflector 56 or the sub deflector 58; 
the secondary electron processing section 90 for outputting the 
data in which the quantity of the secondary electrons detected 
by the secondary electron detector 60a and the secondary electron 
detector 60b is indicated, and the integrated control section 130 
for computing the pattern width of the pattern 200 based on the 
data output from the secondary electron processing section 90. 
[0044] The secondary electron detectors 60a and 60b are 

provided above the objective lens 52, i.e., between the electron 
gun 12 and the objective lens 52, and detect the secondary electrons 
through an objective lens 52, the secondary electrons being 
generated when the electron beam is irradiated on the wafer 64 
or the pattern 200. Moreover, it is preferable that the secondary 
electron detectors 60a and 60b are oppositely disposed across an 
optical axis A of the electron beam. An electromagnetic lens may 
be used for the objective lens 52. However, if it is an 
electromagnetic lens, since the secondary electrons generated by 
the wafer 64 or the pattern 200 may rotate about the optical axis 
A by magnetism, it is difficult to determine the position at which 
each of the secondary electrons is generated on the wafer 64 or 
the pattern 200. Therefore, it is preferable that the objective 
lens 52 is an electrostatic lens. 

[0045] Moreover, the integrated control section 130 

includes: an edge detector 202a for detecting position of an edge 
200a of the pattern 200 based on the quantity of the secondary 
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electrons detected by the secondary electron detector 60a out of 
the secondary electron detectors 60a and 60b; an edge detector 
202b for detecting position of an edge 200b of the pattern 200 
based on the quantity of the secondary electrons detected by the 
secondary electron detector 60b out of the secondary electron 
detectors 60a and 60b; an adder 204 for adding the data in which 
the quantity of the secondary electrons detected by the secondary 
electron detector 60a is indicated, and the data in which the 
quantity of the secondary electrons detected by the secondary 
electron detector 60b is indicated; an edge detector 202c for 
detecting the position of the edges 200a and 200b of the pattern 
200 based on the sum of the quantity of the secondary electrons 
output from the adder 204, i.e., the sum of the quantity of the 
secondary electrons detected by the secondary electron detector 
60a and the quantity of the secondary electrons detected by the 
secondary electron detector 60b; a pattern width computing section 
206 for computing the pattern width of the pattern 200 based on 
the position of the edges 200a and 200b detected by either of the 
edge detectors 202a, 202b, or 202c; and a displaying section 208 
for displaying the data output from the secondary electron 
processing section 90 and/or the pattern width computed by the 
pattern width calculating section 206. 

[0046] Alternatively, the pattern width computing section 

206 computes the pattern width of the pattern by selecting either 
the position of the edges 200a and 202b detected by the edge detectors 
202a and 202b, or the position of edges 200a and 200b detected 
by the edge detector 202c, based on the shape of the pattern 200. 

■ 

For example, the pattern width computing section 206 selects them 
based on the thickness of the pattern 200, or based on the angle 
formed between a top face and a side face (edge face) of the pattern 
200. Specifically, in case that the electron beam is irradiated 
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near the edges 200a and 200b on the wafer 64, since the quantity 
of the secondary electrons generated at the wafer 64 collide with 
the pattern 200 and consequently the quantity of the secondary 
electrons detected by the detectors 60a and 60b decreases, the 
pattern computing section 206 computes the pattern width of the 
pattern 200 based on the position of the edges 200a and 202b detected 
by the edge detectors 202a and 202b in case that the thickness 
of the pattern 200 is thicker than a predetermined thickness or 
in case that the angle formed between the top face and the side 
face of the pattern 200 is larger than a predetermined angle. On 
the other hand, in case that the thickness of the pattern 200 is 
not thicker than the predetermined thickness, or in case that the 
angle formed between the top face and the side face of the pattern 
200 is not larger than a predetermined angle, since the decreasing 
of the secondary electrons, which are generated at the wafer 64 
anddetectedby the secondary electron detectors 60a and 60b, caused 
by the collision of the electrons with the pattern 200 is not observed 
so much compared with the former case, the pattern width of the 
pattern 200 is computed based on the position of the edges 200a 
and 200b detected by the edge detector 202c. 

[0047] By determining the position of the edges 200a and 200b 

of the pattern 200 detected by the edge detectors 202a, 202b, and 
202c selectively based on the shape of the pattern 200, the pattern 
width of the pattern 200 having various shape is correctly 
computable . 

[0048] Fig. 3A is a cross sectional view of the pattern 200 

formed on the wafer 64. Fig. 3B is a graphic chart showing the 
quantity of the secondary electrons detected by the secondary 
electron detector 60a. Fig. 3C is a graphic chart showing the 
quantity of the secondary electrons detected by the secondary 
electron detector 60b. Fig. 3D is a graphic chart showing the 
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quantity of the secondary electrons detected by the secondary 
electron detectors 60a and 60b. 

[0049] As shown in Fig. 3B, the quantity of the electrons 

detected by the secondary electron detector 60a has the local 
minimumat Don the horizontal axis, and it considers the irradiation 
position D of the electron beam as the position of the edge 200a. 
The edge detector 202a detects the position of the edge 200a which 
is located farther than the edge 200b from the secondary electron 
detector 60a. 

[0050] As shown in Fig. 3C, the quantity of the electrons 

detected by the secondary electron detector 60b has the local 
minimumat Aon the horizontal axis, and it considers the irradiation 
position A of the electron beam as the position of the edge 200b. 
The edge detector 202b detects the position of the edge 200b which 
is located farther than the edge 200a from the secondary electron 
detector 60b. 

[0051] Alternatively, based on the quantity of electrons 

detected by the secondary electron detector 60a shown in Fig. 3B, 
the edge detector 202a considers the irradiation position D of 
the electron beam as the bottom edge, i.e., the bottom end of the 
edge 200a^ where the quantity of the secondary electrons detected 
by the secondary electron detector 60a has the local minimum, and 
considers the irradiation position B of the electron beam as the 
top edge, i.e., the top end of the edge 200b, where the quantity 
of the secondary electrons detected by the secondary electron 
detector 60a has the local maximum. Moreover, based on the quantity 
of electrons detected by the secondary electron detector 60b shown 
in Fig. 3C, the edge detector 202b considers the irradiation 
position A of the electron beam as the bottom edge, i.e., the bottom 
end of the edge 200b, where the quantity of the secondary electrons 
detected by the secondary electron detector 60b has the local 
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minimum, and considers the irradiation position C of the electron 
beam as the top edge, i.e., the top end of the edge 200a, where 
the quantity of the secondary electrons detected by the secondary 
electron detector 60b has the local maximum. 

[0052] The pattern width computing section 206 computes the 

pattern width of the pattern 200 based on the position D of the 
bottom edge of the edge 200a detected by the edge detector 202a 
and the position A of the bottom edge of the edge 200b detected 
by the edge detector 202b. Moreover, the pattern width computing 
section 206 computes horizontal dimension of the edge 200a or 200b 
based on the position D of the bottom edge and the position C of 
top edge of the edge 200a, or the position A of the bottom edge 
and the position B of the top edge of the edge 200b, which are 
respectively detected by the edge detectors 202a and 202b. Here, 
the horizontal dimension is a projected length of the edge onto 
the wafer 64 being substantially perpendicular to the pattern 200 . 
[0053] Moreover, based on the quantity of electrons detected 

by the secondary electron detectors 60a and 60b shown in Fig. 3D, 
the edge detector 202c considers the irradiation positions A and 
D of the electron beam as the bottom edge of the edge 200b and 
the bottom edge of the edge 200a, where the sum of the quantity 
of the secondary electrons detected by secondary electron detector 
60a and the quantity of the secondary electrons detected by 
secondary electron detector 60b has the local minimum, and 
considers the irradiation positions B and C of the electron beam 
as the top edges of edge 200b and the top edge of the edge 200a, 
where the sum of the quantity of the secondary electrons detected 
by secondary electron detector 60a and the quantity of the secondary 
electrons detected by secondary electron detector 60b has the local 
maximum. In case such as the thickness of the pattern 200 is not 
thicker than a predetermined thickness , or the angle formed between 
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the top face and the side face of the pattern 200 is not larger 
than a predetermined angle, the pattern width calculation 206 
computes the pattern width of the pattern 200 based on the position 
A and the position D of the bottom edges detected by the edge detector 
202c. Moreover, the pattern width computing section 206 computes 
the horizontal dimension of the edge 200a or 200b based on the 
position A of the bottom edge and the position B of the top edge, 
or the position C of top edge and the position D of bottom edge, 
which are detected by the edge detector 202c. 

[0054] Fig. 4A is a cross sectional view of the pattern 200 

formed on the wafer 64. Fig. 4B is a graphic chart showing the 
quantity of the secondary electrons detected by the secondary 
electron detector 60a. Fig. 4C is a graphical chart showing the 
quantity of the secondary electrons detected by the secondary 
electron detector 60b. Fig. 4D is a graphical chart showing the 
quantity of the secondary electrons detected by the secondary 
electron detectors 60a and 60b. 

[0055] In case that curvature of the edges 200a and 200b of 

the pattern 200 is large as shown in Fig. 4A, it is difficult to 
determine the irradiation position of the electron beam by the 
local extremum of the quantity of the secondary electron detected 
by the secondary electron detectors 60a or 60b as shown in Fig. 
3B or Fig. 3c, and consequently the edges 200a and 200b may be 
unable to be detected correctly. In such a case, the edges 200a 
and 200b will be detected and the pattern width of the pattern 
20 will be computed as follows. 

[0056] As shown in Fig. 4B, the quantity of the electrons 

detected by the secondary electron detector 60a has the local 
minimumat D on the horizontal axis, andit considers the irradiation 
position D of the electron beam as the position of the bottom edge 
of the edge 200a. The edge detector 202a detects the position 
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of the edge 200a which is located farther than the edge 200b from 
the secondary electron detector 60a. 

[0057] As shown in Fig. 4C, the quantity of the electrons 

detected by the secondary electron detector 60b has the local 
minimum at A on the horizontal axis^ and it considers the irradiation 
position A of the electron beam as the bottom edge of the position 
of the edge 200b. The edge detector 202b detects the position 
of the edge 200b which is located farther than the edge 200a from 
the secondary electron detector 60b. 

[0058] Moreover, based on the quantity of electrons detected 

by the secondary electron detectors 60a and 60b shown in Fig. 4D, 
the edge detector 202c considers the irradiation positions B and 
C of the electron beam as the top edge of the edge 200b and the 
top edge of the edge 200a, where the derivative of the sum of the 
quantity of the secondary electrons detected by secondary electron 
detector 60a and the quantity of the secondary electrons detected 
by secondary electron detector 60b has the local maximum or the 
local minimum. 

[0059] The pattern width computing section 206 computes the 

pattern width of the pattern 200 based on the position D of the 
bottom edge of the edge 200a detected by the edge detector 202a, 
and the position A of the bottom edge of the edge 200b detected 
by the edge detector 202b. Moreover, the pattern width computing 
section 206 computes horizontal dimension of the edge 200a based 
on the position D of the bottom edge of the edge 200a detected 
by the edge detector 202a, and the position C of the top edge of 
the edge 200a detected by the edge detector 202c . Moreover, the 
pattern width computing section 206 computes horizontal dimension 
of the edge 200b based on the position A of the bottom edge of 
the edge 200b detected by the edge detector 202b, and the position 
B of the top edge of the edge 200b detected by the edge detector 
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202c. Here, the horizontal dimension is a projected length of 
the edge onto the wafer 64 being substantially perpendicular to 
the pattern 200. 

[0060] Fig. 5 is a block diagram showing another example of 

a configuration of the pattern widthmeasuringmeans of the electron 
beam exposure apparatus 100. Operation and configuration of each 
component of this example are the same as the operation and the 
configuration which have been explained with reference to Figs. 
1 to 4 unless otherwise explained below. 

[0061] The pattern width measuring means further includes 

a secondary electron detector 60c and a secondary electron detector 
60d for detecting the secondary electrons generated when the 
electron beam is irradiated on the wafer 64 or the pattern 200. 
The secondary electron processing section 90 outputs data in which 
the quantity of the secondary electrons detected by the secondary 
electron detector 60c and the secondary electron detector 60d are 
indicated, and supplies them to the integrated control section 
130. Moreover, the integrated control section 130 further 
includes an adder 205 for adding the data in which the quantity 
of the secondary electrons detected by the secondary electron 
detector 60c is indicated, and the data in which the quantity of 
the secondary electrons detected by the secondary electron detector 
60d is indicated. 

[0062] The secondary electron detectors 60c and 60d are 

provided above the objective lens 52, i.e., between the electron 
gun 12 and the ob j ective lens 52 , and detect the secondary electrons 
through an objective lens 52, the secondary electrons being 
generated when the electron beam is irradiated on the wafer 64 
or the pattern 200. Moreover, it is preferable that the secondary 
electron detectors 60c and 60d are oppositely disposed across an 
optical axis A of the electron beam and along the direction 



substantially perpendicular to the direction along which the 
secondary electron detectors 60a and 60b are disposed. 
[0063] The edge detector 202a detects the position of the 

edge 200c of the pattern 200 based on the quantity of the secondary 
electrons detected by the secondary electron detector 60c out of 
the secondary electron detectors 60c and 60d. The edge detector 
202b detects the position of the edge 200d of the pattern 200 based 
on the quantity of the secondary electrons detected by the secondary 
electron detector 60d out of the secondary electron detectors 60c 
and 60d. The edge detector 202c detects the position of the edges 
200c and 200d of the pattern 200 based on the output of the adder 
205, i.e., the sum of the quantity of the secondary electrons 
detected by the secondary electron detector 60c and the quantity 
of the secondary electrons detected by the secondary electron 
detector 60d. 

[0064] When the angle formed between the direction from the 

edge 200c to the edge 200d and the direction from the secondary 
electron detector 60a to the secondary electron detector 60b is 
larger than the angle formed between the direction from the edge 
200c to the edge 200d and the direction from the secondary electron 
detector 60c to the secondary electron detector 60d, the edge 
detector 202a detects the position of the edge 200c of the pattern 
200 based on the quantity of the secondary electrons detected by 
the secondary electron detector 60c instead of the secondary 
electron detector 60a, and the edge detector 202b detects the 
position of the edge 200d of the pattern 200 based on the quantity 
of the secondary electrons detected by the secondary electron 
detector 60d instead of the secondary electron detector 60b. 
[0065] In other words, the edge detectors 202a and 202b detect 

the position of the edges 200a and 200b of the pattern 200 formed 
along the direction from the secondary electron detector 60c to 
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the secondary electron detector 60d, respectively. Moreover, the 
edge detectors 202c and 202d detect the position of the edges 200c 
and 200d of the pattern 200 formed along the direction from the 
secondary electron detector 60a to the secondary electron detector 
60b, respectively . 

[0066] That is, the pattern width calculation means includes 

the secondary electron detectors 60c and 60d provided in the 
different position from the position where the secondary electron 
detectors 60a and 60b are provided. The edge detector 202a selects 
either the secondary electron detector 60a or 60c based on the 
direction of the edge of the pattern 200, and detects the position 
of the edge 200a or 200c based on the quantity of the secondary 
electrons detected by the selected secondary electron detector 
60a or 60c. The edge detector 202b selects either the secondary 
electron detector 60b or 60d based on the direction of the edge 
of the pattern 200, and detects the position of the edge 200b or 
200d based on the quantity of the secondary electrons detected 
by the selected secondary electron detector 60b or 60d. 
[0067] Therefore, the edge detectors 202a, 202b, and 202c 

detect the edges of the pattern 200 with sufficient accuracy by 
selecting one of the secondary electron detectors 60a, 60b, 60c, 
and 60d according to line direction of the pattern 200 on the wafer 
64 or the longitudinal direction of the edge by. Therefore, the 
pattern width computing section 206 computes the pattern width 
of the pattern 200 with sufficient accuracy based on the position 
of the edge of the pattern 200 detected by the edge detector 202a, 
202b or 202c. 

[0068] Fig. 6 is a flow chart exemplary showing a flow of 

a pattern width measuring method. First, the electron gun 12 
generates the electron beam (SlOO) , and the main deflector 56 or 
the sub deflector 58 scans the pattern 200 formed on the wafer 
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64 with the electron beam (S102) . Next, the secondary electron 
detectors 60a and 60b detect the secondary electron generated when 
the electron beam is irradiated on the wafer 64 or the pattern 
200 (S104) • Next, the edge detector 202a detects the position 
of the edge 200a of the pattern 200 based on the quantity of the 
secondary electrons detected by the secondary electron detector 
60a out of the secondary electron detectors 60a and 60b, and the 
edge detector 202b detects the position of the edge 200b of the 
pattern 200 based on the quantity of the secondary electron detected 
by the secondary electron detector 60b out of the secondary electron 
detectors 60a and 60b (S106) . Next, the pattern width computing 
section 206 computes the pattern width of the pattern 200 based 
on the position of the edges 200a and 200b detected by the edge 
detectors 202a and 202b, respectively (S108) . 

[0069] Alternatively, the electron beam exposure apparatus 

100 forms the pattern 200 by exposing the wafer 64 and then measures 
the formed pattern 200 by the above-described pattern width 
measuring method. Alternatively, the electron beam exposure 
apparatus 100 measures the pattern width of the pattern 200 by 
the above-described pattern width measuring method and then adjusts 
the electron optics system based on the measurement result, and 
then exposes another wafer. Since the electron beam exposure 
apparatus 100 measures the pattern width of the pattern 200 with 
high precision, it exposes the highly accurate pattern on the wafer 
based on the measurement result. 

[0070] As described above, according to the present invention, 

there is provided the pattern width measuring apparatus, the 
pattern width measuring method, and the electron beam exposure 
apparatus for measuring the pattern width of the pattern formed 
on the wafer with sufficient accuracy using the electron beam. 

[0071] Although the present invention has been described by 
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way of an exemplary embodiment, it should be understood that those 
skilled in the art might make many changes and substitutions without 
departing from the spirit and the scope of the present invention. 
It is obvious from the definition of the appended claims that 
embodiments with such modifications also belong to the scope of 
the present invention. 



